It is well known that the investigation of tumor cell surface properties has been greatly assisted by the use of specific agglutination with plant lectins as a clue for the surface topography (3). Our previous paper (5) has shown that concanavalin A (Con A), a lectin known to cause a specific agglutination in response to the differentiated properties of mammalian cell membrane during malignant transformation (2, 3, 8) , also agglutinates bacterial spheroplasts at certain population densities if treated with proteases. This reaction was shown to be a useful tool for the topographical or architectural characterization of complex cell surface of gram-negative bacteria (5, 6) .
However, the assay procedure with Escherichia coli spheroplast has proven tedious in preparation and scoring and variable, depending upon the cation concentration, growth phase, media, and method of spheroplast preparation (5, 6, 8) . An improved, more rapid assay method for the inhibition of Con A-dependent agglutination was attempted in order to purify the Con A receptors on E. coli cell surface (M. Arisawa and H. B. Maruyama, Abstr. 94th Annu. Meet. Jpn. Soc. Pharm. Sci. 3: 11, 1974; 8) . We found that two sodium dodecyl sulfate (SDS)-supersensitive mutants (10, 11) were agglutinated by Con A even in the form of an intact rod cell without spheroplasting and trypsin treatment. In this paper, we describe the characterization of the rod cell agglutination with these mutants which provides the simplest method for assay of the effect on agglutination.
MATERIALS AND METHODS
Bacterial strains and growth condition. Mutants strains used were E. coli ONT-3 and ONS-2 (SDS supersensitive) obtained from E. coli K-12:W3110 by ethyl methane sulfonate treatment (10). They were grown in a nutrient broth (Eiken) in an L-type tube at 37C. Cells were harvested at early stationary phase, washed with 0.03 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride, pH 7.4, and suspended in the same buffer to obtain a cell suspension of the desired population density.
Assay for agglutination. Spheroplast formation and trypsin (Merck) treatment were done as described previously (5-7). In the rod cell agglutination, sucrose was omitted from the standard reaction mixture (5) . Grade of agglutination was counted microscopically as reported earlier (5) . Thus, grade 4 indicates that more than 85% of the cells were contained in the clumps, whereas less than 15% of cells were aggregated at grade 0 agglutination. Similarly to the spheroplast agglutination (6), the assay was reproducible enough. Deviation of the clumped cell number was within 5% of total population where more than 200 cells were counted, and hence the grade value deviated only +0.5 in independent determinations.
Semiquantitative determination of amounts of Con A bound to cell. The amount of adsorbed Con A was determined in the following way: 100 gl of Con A solution at various concentrations (pH 7.4, Tris-hydrochloride) was added to 6.0 x 109 cells to be tested. The mixture was then incubated for 30 min at 37 C and centrifuged at 10,000 rpm for 10 min at 0 C. Fifty microliters of the resulting supernatant was taken out and added to 5 ul of 6 x 1010 cells of ONS-2 per ml (final population density, 5.5 x 109 cells/ml). After 30 min of incubation, the agglutination was checked microscopically. The agglutinability of control Con A solution treated in the same way except for the absence of test cells was determined in parallel. The reduction of the agglutinability, calculated at the concentration for 50% agglutination and expressed as micrograms of Con A equivalent from which the number of Con A molecules adsorbed, was obtained as before (8) .
RESULTS AND DISCUSSION Increased agglutinability of cell surface mutants. Our earlier studies (5) that E. coli W3110 spheroplast was agglutinated by Con A at a population density higher than 109 per ml only after treatment with trypsin. With intact rod cells of the wild strain, however, no distinct agglutination was detected at a population density less than 1010 per ml. On the other hand, with SDS-supersensitive strains ONT-3 and ONS-2 (10), Con A-dependent agglutination of rod cells was found to occur ( Fig. 1 ) at a population density of higher than 3 x 109 per ml. Figure 2 shows the agglutinability of these three strains as the function of Con A concentration. It was found that treatment of ONT-3 and ONS-2 rods with trypsin neither significantly enhanced nor reduced the Con A-specific agglutination in contrast to the case with spheroplasts of W3110 strain, where trypsin pretreatment was a necessary prerequisite for Con A-dependent agglutination (5) .
Characterization of rod cell agglutination by Con A. Con A-dependent agglutination of intact rod cells of ONT-3 and ONS-2 was studied in comparison with the spheroplast agglutination of W3110 by Con A (5). A time course study revealed that the rod cell agglutination proceeded at a considerably more rapid rate and was completed within 60 min if the population density was higher than 5 x 109 per ml (Fig. 3) . This is in contrast to the spheroplast of W3110, which requires more than 2 h of incubation in Tris-sucrose buffer (5) . Figure 3 also shows the temperature dependency of the agglutination. It was noticeable that, in rod cell agglutination, the agglutination could occur even at 0 C, whereas in the spheroplast agglutination, no agglutination was observed at 0 C even after overnight incubation under any conditions tested (7) .
When the haptenic inhibition by various sugar derivatives was examined, it was found that a-methyl-D-glucosides (aMG) and a-methyl-D-mannoside (aMM) were potent inhibitors when tested by both the inhibition of aggregate formation and the dispersion of the aggregated clump (5). Sucrose and glucose also reversed the agglutination to a smaller extent. Figure 4 shows 50% inhibitory concentrations of aMM, aMG, glucose, and sucrose to be 0.5, 2.5, 25, and 25 mM, respectively. The concentrations of aMM and aMG needed for the complete inhibition were much lower than those in the case of spheroplast agglutination (10 [5] ), indicating the increased sensitivity of this assay for the presumable Con A recepting site. Almost the same result was obtained with the ONS-2 strain. Figure 5 illustrates the effect of pH on agglutination. Agglutination was shown to occur in the pH range of 5.5 to 7.8. It coincides with the pH range for the stable molecular state of Con A (4), indicating the Con A specificity of the agglutination reaction. At a pH lower than 5, the cells instantly agglutinated even at 0 C. This agglutination was not reversed by the addition of aMM (0.01 M) and was similarly observed in the absence of Fig. 1 was carried out at a cell population density of 6 x 109 nontreated cells per ml for 2 h. method for determining the reduction in the agglutinating capability of a Con A-containing preparation. This was used for the isolation of presumable Con A receptors which, by assaying the reduction of agglutination caused by a given amount of Con A, were 300-fold purified from solubilized E. coli cell surface and found to consist of six glycoproteins of different molecular weights (Arisawa and Maruyama. Abstr. Annu. Meet. Jpn. Soc. Pharm. Sci. 3: 11, 1974; 8) . The same principle can also be applied for a semiquantitative determination of the amount of Con A bound to cells or separable macromolecules. The pretreatment of a Con A solution with a certain amount of cells followed by spinning down the cells reduced the agglutinating capability of the supernatant Con A solution (Fig. 6 ). The number of Con A molecules bound to the cells due during the pretreatment was calculated from the concentration of 50% inhibition. From these, it was estimated that W3110 strain adsorbed approximately 2 x 105 molecules of Con A per cell, whereas ONS-2 and ONT-3 adsorbed three times more Con A (-6 x 105 to 7 x 105 molecules/cell). The precision of the method is ±20 to 30%.
In previous paper (10), we reported several other cell surface mutants than the present two strains. The Con A-specific agglutination of rod cells was not recognized with SDS-semisensitive and oleic acid-requiring mutants, nor with several laboratory strains including K-12, B, and clinically isolated strains CF-17 and CF-41 (kindly donated by Prof. Mitsuhashi, University of Gunma). These SDS-supersensitive ONS-2 and ONT-3 have become simultaneously sensitive to inhibition by various antibiotics to which the parent strain W3110 is insensitive, except for cycloserine, to which these mutants show a higher resistance (10) . They are refractory to phage T4 and are sensitive to lysis by lysozyme in the absence of ethylenediaminetetraacetic acid (11) . These and other results suggest that these are essentially the outer membrane mutants with distinct alteration in the inner cytoplasmic membranes. The characterization of their altered surface properties associated with the rod-form agglutination with Con A will be reported elsewhere (Maruyama, manuscript in preparation). In turn, this indicates that the rod cell agglutination with lectins like Con A can be a useful clue for the elucidation of cell surface topography.
Since it is thought (2, 3) that the preferential agglutinability of tumor cells with lectins can be closely associated with the cell surface changes ascribed to the malignancy, it may be a challenging approach to seek the specific inhibitors of the lectin-dependent tumor cell agglutination excluding so-called haptenic inhibitors or, in other words, the compounds that change tumor cell surface nonagglutinable with the lectin. VOL. 11, 1975 The present system may be used as a simple model assay for this purpose, provided that the mechanism of agglutination would be at least partially common between two systems involving cell surfaces of tumor and E. coli mutants. Our preliminary experiments with Ehrlich ascites tumor cells in in vitro agglutination suggest this provisional basis would be feasible from the following facts: (i) when more than 100 broths of actinomycete culture were screened for the reduction activity in the Con A-dependent agglutination, the results obtained with Ehrlich ascites cells and E. coli ONS-2 cells gave a positive correlation (r = 0.7 to 0.8); (ii) the presumable Con A receptors purified from E. coli cell surface by assaying the reduction activity in the present system (8) inhibited the agglutination of Ehrlich tumor cells by Con A under the modified conditions of Burger (2) .
